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© A fibre optic device for the transmission and 
lateral irradiation of laser energy, particularly for an- 
gioplasty, comprising at least one optical fibre (1), to 
the inlet end of which there is coupled a laser source 
(4) and to the outlet end of which, after removing its 
coating (3), there is applied a microcapsule (5) which 
is transparent to laser radiation and has a substan- 
tially toroidal thickened portion (6) surrounding said 
end and arranged to give raise to a "corolla-shaped" 
output laser beam. 
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This invention relates to a fibre optic device for 
the transmission and lateral irradiation of laser en- 
ergy- particularly for angioplasty. 

Angioplasty is used in the medical field for 
removing arteriosclerotic plaques and similar ob- 
structions which form in the arteries, in particulary 
the coronary arteries. 

Angioplasty is currently effected by various 
methods, some of which involve operating from 
within the artery itself. 

One of these known methods comprises the 
use of a catheter provided at its end with a small 
inflatable ball. The catheter with the deflated ball is 
inserted into the artery and advanced until! the ball 
reaches the obstacle to be removed. The ball is 
then inflated and as it expands it recanalizes the 
obstruction vessel. This method has serious 
drawbacks (see Nigel Sinclair et al. S.P.I.E. vol. 
713 page 70. September 1986). In particular, rather 
than remove the obstruction, this method tends to 
widen the arthery at that particular location. This 
means that the beneficial effects are only tem- 
porary as the obstruction forms again after a short 
time. 

For these reasons particular attention has been 
given to laser techniques, which because of the 
high energy concerned are able to destroy and 
thus definitively eliminate arteriosclerotic plaques. 

A known technique is to insert into the artery 
an optical fibre with a sapphire tip. which emits a 
iaser beam able to destroy the arteriosclerotic 
plaque facing it. 

Drawbacks of this known technique include on 
the one hand the large size of the sapphire tip, 
which means that the apparatus can be used only 
for peripheral large-diameter blood vessels, and on 
the other hand the risk of perforating the artery wall 
should this face the laser beam emitted from the 
sapphire tips as from any conventional fibre tip. 

To obviate these drawbacks it has been pro- 
posed to use a fibre optic probe with the laser 
outlet covered by a metal tip. The tip is heated by 
the laser beam and is moved forward so that it 
burns the arteriosclerotic plaque. 

The main drawback of this technique is the 
loss of the potential advantages of the laser source, 
which in this case is used only to heat the metal tip 
as in the case of a normal source of electricity, so 
losing the selective effect of the laser beam on the 
arteriosclerotic plaque relative to the surrounding 
healthy tissue. 

A further drawback is that the hot tip can 
adhere to the tissue with the risk of damage. 

These drawbacks are obviated according to the 
invention by a fibre optic device for the transmis- 
sion and lateral irradiation of laser energy, particu- 
larly for angioplasty, characterised by comprising 
at least one optical fibre, to the inlet end of which 


there is coupled a laser source and to the outlet 
end of which, after removing its coating, there is 
applied a microcapsule wich is transparent to laser 
radiation and has a substantially toroidal thickened 
5 portion surrounding said end and arranged to give 
rise to a "corolla-shaped" output laser beam. 

Some embodiments of the present invention 
. are described in detail hereinafter with reference to 
the accompanying drawings, in which: 
10 Figure 1 is a diagrammatic view of a device 

according to the invention; 

Figure 2 is a longitudinal section through a 
first embodiment of the outlet and of the optical 
fibre covered with the microcapsule; 
? 5 Figure 3 shows the radiation diagram of the 

device of Figure 2; 

Figure 4 is a longitudinal section through a 
second embodiment of the outlet end of the optical 
fibre: 

20 Figure 5 shows the radiation diagram of the 

device of Figure 4: and 

Figure 6 is a longitudinal section through the 
outlet and of a multiple optical fibre. 

As can be seen from the figures the device 

25 according to the invention consists essentially of an 
optical fibre 1 which in the illustrated example 
comprises a quartz core 2 of 200-300 urn diameter 
and a plastic coating 3. 

The inlet end of the fibre 1 is coupled m 

30 conventional manner to a iaser source 4. whereas 
the outlet end. after the plastic coating has been 
removed, is housed in a microcapsule 5 construct- 
ed of a material transparent to laser radiation, such 
as quartz. 

35 The microcapsule 5. which consists preferably 

of a piece of capillary closed at one end. has at 
that end an annular thickened portion 6 formed 
when the end of the quartz capillary is fused for the 
purpose of closing it. 

40 The shape of this annular thickened portion 

and thus the optical characteristics of the system 
can be varied by varying the capillary heating time 
and the possible mechanical stressing exerted dur- 
ing heating, as will be clarified hereinafter. 

45 The microcapsule 5 is fixed to the plastic coat- 

ing 3 by a collar 7 of sealing material which be- 
sides providing a fluid-tight seal between the two 
pieces also fixes the end of a capillary 8 which 
extends external to the microcapsule 5 parallel to 

so the optical fibre 1 and is enclosed together with 
this latter within a single teflon sheath 9. 

The operation of the device according to the 
invention is as follows: 

the laser radiation, generated by the source 4 and 
55 transferred along the fibre, reaches the coating-free 
end 3 and emerges as a divergent beam. The 
angle of divergency depends essentially in known 
manner on the numerical aperture of the fibre and 
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the fibre-source coupling. The emerging beam en- 
counters the annular thickened portion 6 and as the 
thickness of this varies from its centre to its periph- 
ery, it behaves substantially as a lens of approxi- 
mately toroidal shape, which has the effect of ra- 
diating a "corolla-shaped" laser beam that is of 
radiating the laser light approximately along the 
generators of a substantially conical surface, as 
illustrated diagrammatically in Figure 2. The width 
of the cone depends on the extent' of the converg- 
ing effect of the annular thickened portion 6 and on 
the optical characteristics of the fibre used. 

Figure 3 shows the radiation diagram for the 
optical fibre of Figure 2 (full line) in which the outlet 
end surface of the core 2 is cut orthogonally to the 
fibre axis. As can be seen from this radiation dia- 
gram, in which the horizontal axis represents the 
angle to the fibre axis and the vertical axis repre- 
sents the emission intensity in the direction cor- 
responding to these angles, the laser energy emit- 
ted by the fibre end collecting on a conical surface 
symmetrical about the fibre axis and having a cone 
angle of about 20° . 

The width of the two peaks (about 6 ° ) gives an 
idea of the collimation effect obtained. For compari- 
son purposes the dashed line shows the analogous 
radiation diagram for the same optical fibre as 
Figure 2 but without the microcapsule. 

In use, the fibre with the microcapsule is in- 
serted into the artery to be treated and is advanced 
along it so that the collirnated laser beam reaches 
the side wall of the artery to destroy the obstruc- 
tions encountered during its advancement. 

It is apparent that the described device is par- 
ticularly advantageous in angioplasty in that: 

- the microcapsule 5 has a shape which combines 
considerable mechanical strength with the facility 
for easy movement along the artery without caus- 
ing any damage to it; 

- the optical system obtained ensures absolute 
absence of radiation in the direction of the fibre 
axis, so minimising the risk of damaging the artery 
especially at bends and bifurcations, at which the 
danger of piercing the facing wall is greatest; 

- the shape of the radiated beam is particularly 
suited to destroying the arteriosclerotic plaques 
circularly associated with the artery wall. 

As stated, the shape of the thickened portion, 
the type of fibre, the shape of the outlet end of the 
core and its position in the microcapsule determine 
the optica! characteristics of the system. 

For example the optical fibre core of the device 
shown in Figure 4 has a conical outlet end. This 
(see Chang and Aauth, J.O.S.A. vol. 68 No. 
9,September 1978; Russo et al., S.P.I.E., vol. 492, 
1986) determines a greater divergence of the radi- 
ation leaving the end and encountering the thick- 
ened portion 6, which then generates a ligth cone 


of greater width, as shown in the radiation diagram 
of Figure 5. In this, the full line represents the 
radiation diagram when the microcapsule 5 is 
present and the dashed line the radiation diagram 

5 without the microcapsule. Again in this case the 
collimation effect introduced by the microcapsule 
can be evaluated by noting the different length of 
the peaks on the two curves, these being about 
16 J for the conical end without microcapsule 

/o (dashed line) and about 6* for the conical end with 
microcapsule (full line). 

In both the embodiments shown, the optical 
fibre outlet end is coaxial to the microcapsule 5. If 
however the fibre outlet end is not aligned with or 

75 can be moved out of alignement with the micro- 
capsule 5, the ligth cone leaving said microcapsule, 
although having the same cone angle determined 
essentially by the shape of the thickened portion 6. 
has a non-uniform ligth intensity distribution within 

20 the beam. 

The same non-uniform ligth distribution effect 
in the beam can be obtained by using instead of a 
single fibre a multiple fibre in which individual 
fibres are distribuited in a uniform ring arrangement 

25 (Kapany - Fibre Optical: Principles and Applica- 
tions. Academic Press, chapt. 5. 1967). In this way 
the conical light surface leaving the microcapsule 5 
is obtained by the addition of several sectors, for 
each of which the energy contribution is given by 

30 one fibre. It is apparent that one varying the degree 
of coupling between the source and each fibre at 
the inlet end, the light distribution in the conical 
surface also varies. The methods for varying the 
source-fibre coupling efficiency are known and do 

35 not represent part of the invention. 

In practice, during the use of the device, the 
high energy available generates heat within the 
microcapsule 5, together with a dangerous pres- 
sure increase in the gas or air contained in the 

4o microcapsule. This pressure excess can be elimi- 
nated through the capillary 8. Alternatively, it is 
possible to create a vacuum in the microcapsule 5. 
although this requires a more laborious and costly 
construction. 

45 A further simpler method is to make a small 

hole in the microcapsule 5 through which the gas 

can vent to the outside. 

This method is however not valid in the case of 

angioplasty as the microcapsule generally operates 
so surrounded by blood which could then enter its 

interior, resulting in inevitable blood damage at 

feast if intense radiation is present. 


55 


3 


EP 0 299 448 A2 


Claims 

1 . A fibre optic device for the transmission and 
lateral irradiation of laser energy, particularly for 
angioplasty, characterised by comprising at least 5 
one optical fibre (1), to the inlet end of which there 

is coupled a laser source (4) and to the outlet end 
of which, after removing its coating (3), there is 
applied a microcapsule (5) which is transparent to 
laser radiation and has a substantially toroidal w 
thickened portion (6) surrounding said end and 
arranged to give rise to a "corolla-shaped" output 
laser beam. 

2. A device as claimed in claim 1, charac- 
terised in that the optical fibre (1) is of single type. is 

3. A device as claimed in claim 1, characterised 
in that the optical fibre (1) is of multiple type. 

4. A device as claimed in claim 1. charac- 
terised in that the outlet end of the optical fibre (1), 

is cut orthogonal to the fibre axis. 20 

5. A device as claimed in claim 1, charac- 
terised in that the outlet end of the optical fibre (1) 
is of conical shape. 

6. A device as claimed in claim 3. charac- 
terised in that the efficiency of the coupling be- 25 
tween the laser source (4) and each element of the • 
multiple optical fibre (1) is adjustable. 

7. A device as claimed in claim 1. charac- 
terised in that the microcapsule (5) consists of a 
portion of capillary sealed at one end. 30 

8. A device as claimed in claim 1, charac- 
terised in that a collar of sealing material (7) is 
interposed between the outer lateral surface of the 
optical fibre (1) and the inner lateral surface of the 
microcapsule (5). 35 

9. A device as claimed 1, characterised in that 
the interior of the microcapsule (5) is under vacu- 
um. 

10. A device as claimed in claim 1, charac- 
terised by comprising an aperture for communica- 40 
tion between the interior cavity of the microcapsule 

(5) and the outside. 

11. A device as claimed in claim 10. charac- 
terised by comprising a capillary (8) which con- 
nects the interior cavity of the microcapsule (5) to 45 
the outside. 

12. A device as claimed in claim 11, charac- 
terised in that the optical fibre (1) and the capillary 
(8) are contained in a single sheath (9). 

13. A device as claimed in claim 11, charac- so 
terised in that that end of the fibre (1) within the 
microcapsule (5) is adjustable axially and/or trans- 
versely. 
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© A fibre optic device for the transmission and 
lateral irradiation of laser energy, particularly for an- 
gioplasty, comprising at least one optical fibre (1), to 
the inlet end of which there is coupled a laser source 
and to the outlet end of which, after removing its 
coating (3), there is^applied a microcapsule (5) which 
is transparent to laser radiation and has a substan- 
tially toroidal thickened portion (6) surrounding said 
end and arranged to give raise to a "corolla-shaped" 
output laser beam. 
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